Abstract: The odontogenic keratocyst (OKC) is a recurrent cyst that has been recently reclassified from an odontogenic tumor to an odontogenic cyst. The aim of the present study was to investigate its treatment and address issues related to its association with nevoid basal cell carcinoma syndrome (NBCCS). Lesions from the cohort of patients included in the present study consisted of 40 OKCs, of which 27 lesions were treated by enucleation (GE) and 13 underwent decompression (GD). Complementary treatment occurred in 38 (95%) lesions, of which 10 underwent isolated peripheral ostectomy (GO) and 28 underwent peripheral ostectomy combined with Carnoy's solution (GC). Thirteen lesions were associated with NBCCS (GS), while the others (n=27) were non-syndromic lesions (GnS). The recurrence-free periods (RFP) in the sample groups were compared using the Kaplan-Meier function and log-rank test at a significance level of 5% (p < 0.05) and were used to calculate the cumulative risk of recurrence (CRR) in each postoperative year. During the follow-up period, which had a mean of 43.5 months (range: 12-102 months), six (15%) recurrences were diagnosed. There was no significant difference among the RFP for the compared groups (p > 0.05) or increased CRR for the decompression (15.4%) over five years. Application of Carnoy's solution did not increase the efficacy of the peripheral ostectomy, but was related to a CRR of 0% for the syndromic lesions over five years. Therefore, 1) decompression did not increase the recurrence risk; 2) peripheral ostectomy demonstrated a similar efficacy as the combination with Carnoy's solution; 3) the association of NBCCS did not seem to significantly influence OKC recurrence; and 4) syndromic lesions seem to behave in the same manner as non-syndromic lesions when submitted to complementary treatments.
Introduction
The odontogenic keratocyst (OKC) is a controversial odontogenic developmental cyst that has undergone conceptual and terminological changes in recent decades. 1, 2, 3, 4, 5 The name "keratocyst" arose in the 1950s to describe any cyst that exhibited keratinization and was recommended as the official terminology for a specific type of odontogenic cyst in the World Health Organization (WHO) classifications of 1971 and 1992. 6, 7 There were two histopathological subtypes of OKC: parakeratinized and orthokeratinized. 8, 9 Ophir RIBEIRO-JÚNIOR (a) Alexandre Meireles BORBA (a) Carlos Augusto Ferreira ALVES (b) Marcia Maria de GOUVEIA (b) Maria Cristina Zindel DEBONI (a) Maria da Graça NACLÉRIO-HOMEM (a) Declaration of Interest: The authors certify that they have no commercial or associative interest that represents a conflict of interest in connection with the manuscript.
In the following years, there was much discussion about the need for distinguishing the two subtypes of OKC from one another since the parakeratinized one presented a higher recurrence rate and an eventual association with nevoid basal cell carcinoma syndrome (NBCCS). This evidence resulted in the separation of these subtypes into two distinct diseases and the abandonment of the term "OKC" by the WHO in 2005. 10 The parakeratinized subtype became the "keratocystic odontogenic tumor" (KCOT), which integrated the group of odontogenic epithelial tumors into its classification, while the orthokeratinized subtype continued in the group of odontogenic developmental cysts as "orthokeratinized odontogenic cyst".
Recently in 2017, the KCOT returned to the WHO classification of odontogenic developmental cysts, retaking the original terminology "OKC". 11 In the current classification, the new OKC remains distinct from the orthokeratinized odontogenic cyst and maintains the histopathological criteria that were established in 2005: a parakeratinized epithelial lining, five to eight layers, and may present with areas of squamous metaplasia when there is inflammation in the capsule.
The treatment for OKC remains controversial, but the return to the odontogenic cysts group stimulates a trend of conservative methods, such as decompression and enucleation with complementary techniques. 12, 13, 14, 15, 16 Decompression minimizes tissue damage adjacent to the OKC, although its effectiveness in controlling recurrence is questioned. 17, 18, 19 Among the complementary treatments, peripheral ostectomy is emphasized as a technique that can be easily performed by conventional surgical armamentarium and that has a low complication rate.
5 Its combination with the use of Carnoy's solution is efficient, although the risk for complications might be increased by doing so. 20, 21, 22 The benefits of complementary treatment are relevant, but there is insufficient evidence to prove its efficacy for OKCs associated with NBCCS, which have a theoretical higher risk of recurrence.
19 A lack of studies on the treatment of OKC associated with NBCCS has been confirmed in a recent systematic review, 23 which indicates that minimal evidence exists on this specific type of OKC. Therefore, the evaluation of treatments for OKCs associated with NBCCS is necessary.
The study of OKC and other recurrent cysts and tumors can be enhanced by analyzing the diseasefree or recurrence-free period, allowing for the determination of the cumulative risk for the recurrence for every year of follow-up and a comparison among different treatments. Such a methodology is commonly used in the oncology field and was applied in the present study.
The aim of this paper was to answer the following questions: a. 
Methodology
The OKCs treated between 2003 and 2009 at the University Hospital and the Faculty of Dentistry of the University of São Paulo (USP) were retrospectively evaluated in this cohort study to investigate the influence of treatments and NBCCS on the incidence of recurrences. This study followed the STROBE guidelines and was performed in accordance with the principles of the Declaration of Helsinki, and the Ethics Committee of the USP provided ethical approval for the proposed research project under the protocol number 65/2009. The eligibility of the OKCs was determined by OKC histological diagnosis confirmation according to the WHO recommendation, 10, 11 and the eligible lesions included those associated or not associated with NBCCS that had a minimum of 12 months of follow-up after any of the respective treatments: enucleation, decompression and peripheral ostectomy alone or in combination with the application of Carnoy's solution. The author ORJ participated in all of the treatments as the main or auxiliary surgeon.
The treatments were carried out according to the following technical criteria and aspects: a. Enucleation -performed by detachment of the cyst from the bone cavity, either directly or after decompression ( Figure 1 ). b. Decompression -performed as marsupialization or with the use of a temporary decompression device ( Figure 2 ). The duration of this therapy was calculated from the initial decompressive maneuver until the day of enucleation of the lesion or when its complete involution was determined in the clinical and radiological exams (without any surgical removal). c. Peripheral ostectomy -performed in the bone cavity, after enucleation, and with the use of round burs and conspicuous saline irrigation ( Figure 3 ). This method was used in all of the enucleated lesions that received complementary treatment of the bone cavity, either alone or in combination with Carnoy´s solution. d. Carnoy's solution -each 10 ml of this solution contained 6 ml of 95% ethanol, 3 ml of chloroform, 1 ml of glacial acetic acid and 1 g of ferric chloride. The solution was applied by soaking sterile gauze with Carnoy's solution in the bone cavity after peripheral ostectomy for three minutes followed by conspicuous saline irrigation (Figure 4 ). Enucleation and decompression were classified as the main treatments, while isolated peripheral ostectomy and the supplemental combination with the application of Carnoy's solution represented the complementary treatments.
Through the medical records of the patients with the lesions, the OKC lesions were classified as syndromic or non-syndromic according to their association with NBCCS. The diagnosis of the syndrome was considered in subjects who presented with OKCs and another major criterion or two minor criteria, which were established by Evans et al. 24 
Analysis of the recurrence-free period
To analyze the recurrence-free period (RFP), the lesions were separated into groups according to the following variables: main treatments, complementary treatments and NBCCS. The main treatment variables were defined by lesions submitted to only enucleation (GE) and lesions that underwent decompression with or without further enucleation (GD). The complementary treatment variables consisted of lesions that were submitted to only peripheral ostectomy (GO) and those submitted to peripheral ostectomy followed by the use of Carnoy's solution (GC). To verify the influence of NBCCS, the variables were lesions syndromic (GS) e not syndromic (GnS). The last variables were syndromic (GS2) and non-syndromic (GnS2) lesions treated by direct enucleation (without decompression) and peripheral ostectomy in combination with Carnoy's solution.
The follow-up period was established as a duration of months and was determined by the interval between the treatment and the most recent consultation, which consisted of physical and radiographic evaluations (panoramic radiographs for all of the cases and CT scans for cases in which an anatomic superimposition to other structures impaired a simple radiographic evaluation).
The RFP was calculated until the last follow-up for non-recurrent lesions and until the diagnosis of recurrence for recurrent lesions. The recurrence criteria were based on the presence of a radiographic or tomographic image suggesting a new lesion within the boundaries of the original one, and confirmation by histopathological diagnosis of OKC was made in the cases of recurrence.
An estimate of the RFP was obtained after the decompression for GD and enucleation for GE, GO and GC. Although GO and GC also underwent decompression, the decompression period was not considered when estimating the RFP since the complementary treatment. Conversely, decompressed lesions among GS and GnS also underwent analysis from the moment of decompression.
The SPSS software 15.0 was used for the statistical analysis. The RFP was compared using the log-rank test and was used to estimate the cumulative risk of recurrence (CRR) and construction of the graphics by the Kaplan-Meier analysis. The censure criterion was defined by the absence of recurrence, regardless of the time of the follow-up, and censured lesions contributed to the graphics until the last follow-up. The statistical tests were performed at a significance level of 5%.
Results
A total of 40 lesions were obtained from 31 subjects (18 men and 13 women) with an age range of 9 to 71 years (mean: 33.3 years), including 4 subjects who were diagnosed with NBCCS. Most of the lesions occurred at the mandible (n = 27; 67.5%) with a mandibular ramus prevalence and displaying an unilocular pattern (n = 35; 87.5%). Thirteen lesions (32.5%) were classified as syndromic.
Twenty-seven (67.5%) lesions received direct enucleation and composed the GE, while the remainder of the lesions in the total sample (n = 13; 32.5%), which were submitted to decompression, formed the GD. Complementary treatments did not occur in two children whose lesions comprised the GD, including one lesion that totally regressed and another that presented adjacent teeth in the process of eruption. Of the 38 lesions that received complementary treatment, ten (26.3%) were treated with peripheral ostectomy and composed the GO, while the other 28 (73.7%), which also received Carnoy's solution, formed the GC. Regarding the association with NBCCS, 13 (32.5%) lesions were classified in GS and 27 (67.5%) in GnS. Direct enucleation and complementary treatments (peripheral ostectomy and application of Carnoy's solution) determined 10 lesions in GS2 and 11 in GnS2.
The recurrences in each sample group are shown in Table 1 . Six (15%) of the 40 lesions recurred in a follow-up period ranging from 12 and 102 months (mean: 43.5 months), and the time for diagnosis of each recurrence varied from 18 to 76 months (mean: 33.5 months). Among the main treatments, GE and GD exhibited recurrences of 14.8% and 15.4%, respectively, while GO presented a recurrence rate of 10% and its combination with Carnoy's solution (GC) presented a recurrence rate of 14.3%. The syndromic (GS) and non-syndromic (GnS) lesions had similar recurrence rates, with respective values of 15.4% and 14.8%. When only enucleation and complementary treatments were observed, the recurrence was lower for the syndromic lesions (GS2), which had a rate of 10%.
In the calculation of the RFP, four lesions from four subjects were censured with the minimum follow-up time of 12 months. The follow-up losses occurred due to address change in one case, refuse to follow-up in two cases and death of the patient in one case. The recorded death involved one of the NBCCS patients and had no relation to any of the components of the syndrome or to the treatment instituted. The data related to the calculation of the RFP are described in Table 1 and Figures 5 to 8 .
The main treatment, complementary treatment and association with NBCCS did not affect the RFP since there was no significant difference in these parameters among the groups of lesions (p > 0.05). The Kaplan-Meier analysis estimated the RFP using the mean period (expressed as the number of months of treatment) for each variable. The main treatment variables presented RFP values of 77. 8 and 63.8 (GE and GD, respectively) , while the complementary treatment variables exhibited RFP values of 34 and 79.8 (GO and GC, respectively). The NBCCS variable had RFP values of 80.2 and 65.7 in the total sample (for GS and GnS, respectively) and RFP values of 88.8 and 64.9 in lesions submitted to direct enucleation (without decompression) and complementary treatments (GS2 and GnS2, respectively).
The CRR reached a maximum percentage during the first three years of the five years that were evaluated for all of the groups ( Table 2 ). For the main treatment, the CRR from the 3 rd year to the 5 th year was 19.2% for enucleation and 15.4% for decompression (GD). For the complementary treatment, peripheral ostectomy (GO) reached a CRR of 16.7% at the end of the 3 rd year and the CRR of its combination with the use of Carnoy's solution was 15.3% from the 3 rd year to the 5 th year. The syndromic lesions (GS) displayed a lower CRR from the 3 rd to the 5 th year than the non-syndromic lesions (GnS). The CRR for the syndromic lesions was 12.5%, while that of the non-syndromic lesions was 21.3%. The same pattern was observed for the effect of NBCCS on lesions submitted to only direct enucleation (without decompression) and those with complementary treatments (GS2), with a CRR of 0.0% until the end of the 5 th year. Due to the onset of a recurrence at the seventh year, there was a late increase in the risk of recurrence for the GE, GC, GS and GS2 groups, as displayed by the graphics of the Kaplan-Meier analysis (Figures 5-8) . 
Discussion
Treatment for OKC, which varies from simple enucleation and decompression to resection, still poses dilemmas. 1, 2, 3, 4, 5, 10 The high recurrence rates published in the 70s required an understanding of the recurrence mechanism and, consequently, an improvement of the treatment techniques. Complementary methods, such as excision of the adjacent mucosa, peripheral ostectomy, cryotherapy and application of Carnoy´s solution, were later addressed in the management of OKCs after its enucleation, minimizing the recurrence rates. 25, 26 Resection, which was already a treatment option, gained more prominence when OKC was classified as an odontogenic tumor. 19, 27, 28 The reclassification of OKC as an odontogenic cyst stimulates the choice of conservative treatments and reinforces the continuity of investigations on decompression and complementary treatments, which was done in this study.
Despite the reclassification, all 40 lesions analyzed in the present study had a parakeratinized epithelial lining and met the histological criteria recommended by the WHO classification for the diagnosis of OKC.
11
As in many studies on OKC, the groups presented here consisted of lesions instead of subjects. 13, 14, 16, 29, 30 This methodology was more appropriate for determining the OKC RFP among subjects diagnosed with NBCCS because multifocal lesions in the same patient might undergo distinct surgical therapies at different moments.
The total number of lesions included in the cohort was defined by the subjects who entered the study period. Therefore, there was no previous definition of a sample size calculation. All of the non-recurrent lesions contributed to the RFP analysis with the maximum follow-up time after treatment and were denominated as censured as they left the RFP analysis.
The Kaplan-Meier analysis enabled for the comparison of therapies that presented with divergences related to the follow-up of non-recurrent lesions, such as those for GO and GC. The divergence between the means of the RFP in the complementary treatments (Table 1 ) was a reflection of the shorter follow-up period in the GO, but this did not compromise the statistical analysis because the comparison occurred in the period in which the curves of the Kaplan-Meier graph coincided; that is, in the first three years ( Figure 6 ).
Others have used the Kaplan-Meier analysis and demonstrated a CRR of 35% within the first five years for lesions that are not associated with NBCCS and that underwent enucleation without complementary treatment. 31 The present research calculated the CRR for a five-year period and showed lower values for decompression and syndromic association (15.4% and 12.5%, respectively) in a sample characterized by the frequent use of complementary treatments ( Table 2) . Despite t he cont roversies related to t he decompression of OKCs, studies have demonstrated that such a method produces recurrences equivalent to or even lower than those of direct enucleation. 12, 14, 15, 16, 28 The recurrence after decompression (15.4%) was similar to that after direct enucleation (14.8%), with no significant difference in the RFPs and with a lower CRR (Tables 1 and 2 ). These results showed that decompression did not increase the risk for recurrence in the medium term.
Some articles report a recurrence greater than 30% when decompressed OKCs did not undergo further enucleation, and this percentage might be related to the presence of residual cystic epithelium and possible satellite microcysts. 15, 17, 18, 28 The sample presented here could not be evaluated for decompression without further enucleation because only one OKC did not undergo further surgery.
The use of Carnoy's solution in combination with peripheral ostectomy may increase its safety margins and compensate for its deficiency when lesions are near soft tissues and between dental roots. Chow 20 and Morgan et al. 21 demonstrated low recurrences (4.3% and 0%, respectively) when this combination of therapies was applied, but these authors did not specify the follow-up period that was used. The present research demonstrated a CRR of 3.6% in the second year and a CRR of 15.3% from the third year to the fifth year (Table 2) . Despite the methodological differences, all three studies indicated the efficacy of the combination of peripheral ostectomy with the application of Carnoy's solution to control the recurrence of OKC.
The problems attributed to the combination of peripheral ostectomy with the application of Carnoy's solution is the sum of its possible complications. To evaluate the benefit of this association, the present research compared its results with the results observed when only peripheral ostectomy was applied. Despite the lower recurrence in the absence of the Carnoy`s solution (10%), the RFPs of the two treatments did not demonstrate a significant difference ( Table 1 ). The CRR for the combined treatment (15.3%) was similar to that of the peripheral ostectomy (16.7%) until the end of the third year, which represented the most critical period for OKC recurrence, as observed in the literature and demonstrated here 30, 32 (Table 2) . Complementary treatments could be compared as an independent variable of decompression, but this was not possible in the present study due to the lack of an adequate sample size of lesions submitted to direct enucleation associated with peripheral ostectomy. However, decompression did not influence the results for such a group because its CRR was acceptable for the first three years and because no recurrence was registered among the decompressed lesions. For the group that underwent the application of Carnoy's solution, one recurrence manifested among the lesions was submitted to decompression.
It can be suggested that the application of Carnoy's solution did not significantly increase the efficacy of peripheral ostectomy. However, the benefits of its use cannot be ruled out, particularly for selected cases. Although peripheral ostectomy did have similar efficacies with and without the application of Carnoy's solution, these data are not applicable to OKCs associated with the NBCCS because 92.3% of them underwent the combined complementary treatments.
The present study did not display a significant difference for the recurrence of syndromic and non-syndromic lesions, and this is probably due to the effectiveness of the complementary treatments. It must be considered that the good results related to the treatment of syndromic lesions were obtained from only a few subjects who were diagnosed with NBCCS. The low recurrence for the syndromic group can also be related to a less aggressive pattern of the lesions in some of the subjects, which is not in agreement with the current literature.
Donatsky and Hjørting-Hansen 33 observed a CRR of 55% at the fifth year for syndromic OKCs that underwent enucleation without complementary treatment. In a recent study with syndromic OKCs, Carlson et al. 16 demonstrated that enucleation followed by peripheral ostectomy was associated with a CRR of 14% (or 86% for no recurrence) at the end of five years. The present study displayed favorable results for the treatment of syndromic OKCs after direct enucleation associated with peripheral ostectomy in combination with the application of Carnoy's solution because the CRR was null for the same period (Table 2 and Figure 8 ).
Although the five-year recurrence estimate was only positive for the non-syndromic lesions (risk of 25%), the results seem to be occasional and not indicative of a higher aggressiveness for such a group of lesions. The absence of significant differences between the RFPs of the treatment methods support this hypothesis and suggest that the analyzed treatments for syndromic and non-syndromic OKCs lesions have similar efficacies.
Conclusion
Considering the applied methodology and results that are presented here, the following can be assumed: a) decompression does not seem to increase the recurrence risk; b) peripheral ostectomy seemed to demonstrate a similar efficacy when combined with Carnoy's solution, at least for lesions that were not associated with NBCCS; c) the association of NBCCS does not seem to significantly influence OKC recurrence; and d) syndromic lesions seem to behave in the same manner as non-syndromic ones when submitted to complementary treatments.
